OBJECTIVE -To investigate the relationship between fasting plasma glucose (FPG) values and other variables (e.g., age, sex, and BMI) to 2-h post-75-g oral glucose load glycemia (PG) in Japanese subjects.
T he diagnostic criteria for diabetes and glucose intolerance have been reviewed by the American Diabetes Association (ADA) (1) and the World Health Organization (WHO) (2) . The ADA proposed that diabetes should be defined by a preload fasting plasma glucose (FPG) level of 126 mg/dl (7.0 mmol/l) alone and did not recommend the use of the oral glucose tolerance test (OGTT). On the other hand, the WHO recently stated that, ideally, a full OGTT should be performed, although it also recommended the same FPG values as those proposed by the ADA as well as a 2-h post-75-g oral glucose load glycemia (PG) of 200 mg/dl (11.1 mmol/l).
These revised guidelines uniformly estimate that an FPG of 126 mg/dl would be almost equivalent to a 2-h PG of 200 mg/dl, based on a large volume of epidemiological data using receiver-operating characteristics curve analysis (3) of Pima Indians (4), Egyptians (5), subjects from the Pacific region (6) , and the third National Health and Nutrition Examination Survey.
However, if the relationship between FPG and 2-h PG alters under the influence of other variables, this equality may vary in individuals with different levels of these variables. It has previously been reported that isolated postchallenge hyperglycemia (IPH) (2-h PG Ն200 mg/dl and FPG Ͻ126 mg/dl) becomes more common in elderly subjects (7) (8) (9) (10) . Both previous (11, 12) and recent reports (13, 14) also suggested a relatively higher prevalence of IPH in women than in men.
Nevertheless, previous reports did not elucidate to what degree variables other than FPG may independently contribute to the 2-h PG on a statistical basis. Therefore, we performed a cross-sectional study to investigate the relationship between FPG and other variables (e.g., age, sex, and BMI) to the 2-h PG using a large series of Japanese subjects being health screened in Fukui-Saiseikai Hospital, Fukui, Japan.
RESEARCH DESIGN AND METHODS -We reviewed data for 13,694 consecutive Japanese subjects (10,677 men and 3,017 women, aged 20 -83 years [mean age at testing 51.4 years]) undergoing the 75-g OGTT for diagnosis of diabetes during a health screening performed at Fukui-ken Saiseikai Hospital, Fukui, from May 1994 to March 1999. None of the subjects had a history of diabetes or symptoms suggesting overt hyperglycemia, such as severe thirst or polyuria. Excluded were subjects who had fasting hyperglycemia of Ͼ200 mg/ dl; who had a history of gastrectomy, liver injury, any malignancy, or any endocrinological disease; or who were regularly receiving any drugs, including antihypertensive agents, lipid-lowering agents, or steroids. All subjects were prescribed a standard diet composed of 57% carbohydrate, 25% fat, and 18% protein and were asked to fast from 10:00 P.M.; they then underwent a standard WHO OGTT (15) between 8:00 A.M. and 10:00 A.M. the next morning. This study was approved by the ethical committee of Fukui-ken Saiseikai Hospital.
Assay FPG and 2-h PG were measured using the glucose oxidase method on a Hitachi 717 analyzer. The intra-and interassay coefficients of variation were 1.3 and 1.4%, respectively. Blood pressure was measured by a trained physician using a calibrated mercury sphygmomanometer on the right arm, with the subject in the supine position, on the second day of the health screening. Cholesterol and triglycerides (TGs) were measured enzymatically in serum using a kit (Sinotest, Tokyo, and Aswell, Osaka, respectively). The lipid estimations were performed using fasting samples. BMI was calculated as the weight (in kilograms) divided by the height squared (in meters).
Statistical analysis
Data are expressed as means Ϯ SEM. Significance of differences in mean values was determined using a two-tailed unpaired t test. We estimated the correlations between FPG and 2-h PG using Pearson or Spearman correlation coefficients, as appropriate. Linear regression analysis was used to calculate regression equations between two variables. Multiple linear regression analyses were performed using a model in which the dependent variable was the 2-h PG, with Differences with probability values Ͻ0.05 were considered significant. The statistical software StatView version 5.0 (SAS Institute, Cary, NC) was used for the analyses.
RESULTS -The baseline characteristics for all subjects are shown in Table 1 . The most prevalent patient decade was the fifties, whereas the twenties and eighties had very small sample sizes. Moreover, the most prevalent range of BMI was 22 to Ͻ24 kg/m 2 , whereas values under 18 and over 28 had relatively small sample sizes. There were significant differences in average age and BMI between the male and female groups. In our study population, the overall prevalences of normal glucose tolerance, impaired fasting glucose (IFG)/ impaired glucose tolerance (IGT), and diabetes were 71.1% (n ϭ 9,736), 22.7% (n ϭ 3,108), and 6.2% (n ϭ 850), respectively, using the 1999 WHO criteria (2) .
Scatterplots of FPG and 2-h PG during the 75-g OGTT in all subjects showed a significant positive correlation between both PGs, whereas the regression equation in which x and y represented FPG and 2-h PG, respectively (y ϭ 2.212x Ϫ 84.5), indicated that the 2-h PG level corresponding to a FPG of 126 mg/dl was ϳ194 mg/dl. However, because the SD of 2-h PG in the regression equation was markedly large at 35.1 mg/dl, ϳ68% of subjects at an FPG of 126 mg/dl were distributed across a wide range between 158.9 and 229.1 mg/dl for the 2-h PG.
As shown in Fig. 1A , the average FPG and 2-h PG increased significantly with yearly aging, whereas the slope of the regression equation was significantly (P Ͻ 0.001) higher in the latter compared with the former (0.86 and 0.20, respectively). Then, we calculated the 2-h PG equivalent to an FPG of 126 mg/dl (i.e., 2-h PG at a fixed FPG of 126 mg/dl, abbreviated to "2-h PG at FPG 126 mg/dl" hereafter) using the regression equation between FPGs and 2-h PGs for each aged-based cohort, all of which were significant (n ϭ 58 -633, r ϭ 0.28 -0.89, P Ͻ 0.05-0.0001). As shown in Fig. 1B , the 2-h PG at FPG 126 mg/dl increased linearly with years of age between 30 and 78 years, whereas the slope of the regression equation was 0.94, implying that this value proportionally increased at 9.4 mg/dl per decade.
Multiple linear regression analysis with 2-h PG Multiple linear regression was used to determine variables contributing to the 2-h PG (Table 2 ). Sex did not contribute significantly (P ϭ 0.4) when BMI was included in the analysis, which indicated that the correlation between 2-h PG and sex is dependent on BMI. As a result, five independent variables (FPG, age, BMI, serum TG levels, and systolic blood pressure levels) were all significantly associated with 2-h PG.
In particular, the regression procedure indicated FPG as the best predictor of 2-h PG, whereas the former could explain only 41.6% of the variance of the latter. Additionally, the second and third major predictors of 2-h PG were age and BMI, respectively. In the resulting regression equation [2-h PG (mg/dl) ϭ (2.05 ϫ FPG) ϩ (0.42 ϫ age) ϩ (1.02 ϫ BMI) ϩ (0.025 ϫ plasma TG level) ϩ (0.055 ϫ systolic blood pressure level) Ϫ 119.7], the coefficients for all variables were significant (P ϭ 0.03 to Ͻ0.0001). All five of these variables, however, could explain only 43.4% of the total variance in the 2-h PG.
The percentages of patients with 2-h diabetes (IPH) versus fasting plus 2-h diabetes, stratified by age and BMI, are shown in Fig. 2 . The percentages increased significantly (P ϭ 0.005-0.05 on regression analysis) along with advancing of patients' decades, except in the subjects with a BMI of 26 to Ͻ28 and those with a BMI Ն30. However, the impact of BMI on the percentages was not significant except in the subjects aged 30 -39 (P ϭ 0.001 on regression analysis). *r 2 ϭ 0.434; †Other variables were examined but did not show significant associations with the 2-h PG variables, including sex (P ϭ 0.72), diastolic blood pressure (P ϭ 0.21), and total serum cholesterol level (P ϭ 0.47).
CONCLUSIONS -In several studies, FPG and 2-h PG during an OGTT

Figure 2-The percentages of patients with 2-h diabetes (IPH) versus fasting plus 2-h diabetes, stratified by age and BMI.
Variables related to 2-h postload plasma glucose
were strongly predictive diabetic complications and nearly equivalent in their predictive abilities (1, 4, 5) .However, more recently, the effect of postload hyperglycemia in the pathogenesis of diabetic complications was gradually accumulated through in vivo and in vitro studies (16) . That is, several large population-based prospective studies showed that 2-h PG, though not FPG, was a significant predictor of 1) subsequent cardiovascular disease or mortality in the general population (17), 2) IGT (18), and 3) newly detected type 2 diabetes (19). Moreover, some recent studies (20 -22) demonstrated that 2-h PG was a stronger determinant than FPG of carotid artery stenosis, a well known marker of systemic atherosclerosis. Furthermore, with regard to microangiopathy, a recent epidemiological study by Itoh et al. (23) using a large series of Japanese subjects receiving health screening demonstrated that 2-h PG compared with FPG was more highly associated with the incidence of retinopathy. On the other hand, in vitro evidence demonstrated that postprandial hyperglycemia plays an important role in the progression of atherosclerosis or microangiopathy via the generation of oxygen-derived free radicals, vasoconstriction, activation of coagulation, and the increase of intracellular adhesion molecule-1 plasma level (16) .
Thus, from a diagnostic standpoint, it is important to elucidate potential variables contributing to 2-h PG values other than FPG. In this context, the impairment of glucose tolerance with aging has been confirmed by numerous previous studies indicating that this decline in glucose tolerance, which begins in the third decade, continues throughout adulthood (11, 24, 25) . These age-related changes particularly characterize the impaired response to glucose challenge rather than FPG, partly due to physical inactivity (26) and potentially associated with a decrease in muscle mass. In more recent estimations based on arterialized venous plasma, the age-related increase in glucose concentrations from 60 to 180 min after a 100-g oral glucose load averaged 13-14 mg/dl per decade (25) . These reports agreed with our results, which showed a mean increase of 9.4 mg/dl per decade between the ages of 30 and 78 years (r ϭ 0.68, P Ͻ 0.0001) in the values for 2-h PG at FPG 126 mg/dl. These observations suggest that the 1999 WHO criteria, using 2-h PG values, could be expected to give higher estimated prevalence of untreated diabetes in older subjects than the ADA fasting criteria, as supported by some recent reports (27, 28) .
Second, obesity is well known to be linked to hepatic and peripheral insulin resistance in healthy subjects and in patients with type 2 diabetes (29), partly via elevated serum free fatty acid (30) and tumor necrosis factor-␣ levels (31) , which may induce inadequate suppression of postprandial hepatic glucose production and decreased hepatic and peripheral glucose uptake, and partly via inhibition of insulin receptors and postreceptor signal transductions (31) . Obesity, therefore, and visceral obesity in particular (32) , may individually accelerate postload hyperglycemia.
Although these lines of evidence suggest that variables other than FPG may contribute to postload glycemia, it is not clear to what degree these variables may independently contribute to the 2-h PG on a statistical basis. Multiple linear regression analysis to elucidate the relationship among some explanatory variables, including FPG, and 2-h PG showed that five independent variables (FPG, age, BMI, serum TG levels, and systolic blood pressure) were all significantly associated with 2-h PG. As expected, the regression procedure indicated FPG as the best predictor of 2-h PG, whereas the former could explain only 41.6% of the variance of the latter. Furthermore, the second and third predictors of 2-h PG were age and BMI, respectively, which could explain 5.2 and 3.3% of the variance of the latter, respectively.
However, because all six variables explained only 43.4% of the total variance in 2-h PG, we speculated that other variables that were not examined in the present analysis may also contribute to 2-h PG. These variables may include fasting or postload insulin levels (33), body fat distribution (34) , sympathetic nerve activity (35) , level of physical activity (26) , and the velocity of glucose absorption by the small intestine (36) during the OGTT test.
As shown in Fig. 2 , despite the potential influence of these unassessed confounders, aging, which was found to be the second best predictor of 2-h PG on multiple regression, was significantly associated with increasing ratios of IPH to fasting plus 2-h diabetes. However, this was not true for subjects with BMI of 26 to Ͻ28 or those with BMI Ն30, although BMI, the third best predictor, was associated with increasing ratios only in young subjects aged 30 -39 years. These results imply that at the least, aging should not be ignored in the diagnosis of IPH. However, it remains to be elucidated whether IPH in the elderly is actually associated with cardiovascular risk; some reports show positive results (37, 38) whereas others show partially negative results (15) .
In conclusion, these analytical results demonstrated that it is difficult to estimate 2-h PG based on FPG alone because 2-h PG can be influenced by many variables other than FPG, especially by age. Therefore, from the standpoint of not overlooking IPH in undiagnosed individuals, we should perform an OGTT, especially for those of advanced age, even if they show a relatively low FPG level categorized as IFG or normal fasting glucose according to the revised ADA criteria. Finally, the true impact of IPH on the development of diabetic complications has yet to be established, and further research is required.
